Objectives: Examine the validity of an induced pain paradigm in which people stand while performing simulated light work tasks (standing paradigm).
pidemiological studies indicate that occupations that require standing for prolonged periods are associated with increased reports of low back pain (LBP). 1, 2 Previous studies have used an exposure-based, induced pain paradigm to examine characteristics that may predispose people to initial LBP development during prolonged standing (standing paradigm). [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The standing paradigm involves back-healthy people standing for 2 hours performing simulated, light work tasks while rating their LBP intensity on a 100 mm visual analogue scale (VAS). Any person who has an increase of Z10 mm on the VAS is classified as a pain developer (PD); all others are classified as nonpain developers (NPD). Characteristics are then examined to determine factors that might make back-healthy people more susceptible to becoming PDs.
A consistent finding across previous studies using the standing paradigm is that symptoms are induced in 40% to 71% of back-healthy people that has allowed examination of baseline differences between PDs and NPDs. Compared with NPDs, PDs have displayed (1) difficulty controlling the trunk during the clinical test of active hip abduction 6 ; (2) more trunk extensor muscle activity in response to a trunk perturbation 4 ; and (3) altered timing of activation of the trunk extensor muscles during the clinical test of return from forward bending. 11 Identification of baseline differences between PDs and NPDs can lend insight into the characteristics that may make a back-healthy person more susceptible to developing LBP symptoms during standing.
The paradigm is appealing from an experimental perspective because transient LBP symptoms are induced in back-healthy people during an occupational activity associated with increased reports of LBP. 1, 2 However, it is currently not known whether symptoms induced in PDs during the standing paradigm are similar to symptoms typically experienced by people with LBP. In order for the paradigm to be considered a valid method for investigating risk factors for initial LBP symptom development during standing, the symptoms typically experienced by people with LBP should be similar to symptoms that people develop during the paradigm. Therefore, it is critical to know if the standing paradigm results in reports of symptoms in people with LBP that are (1) similar to symptoms they typically experience; and (2) the same as symptoms induced in back-healthy people classified as PDs. No previous studies have tested the validity of the standing paradigm by comparing the symptoms induced during the standing paradigm to symptoms experienced by people with LBP.
The purpose of this study was to examine the validity of the standing paradigm. First, we compared the quality and location of symptoms "typically" experienced by people with LBP to symptoms they experienced during standing. This comparison was to confirm that the symptoms produced in a person with LBP during standing were similar to the symptoms the person identified as part of his LBP condition. We then compared the quality and location of symptoms experienced during the standing paradigm between people with LBP and back-healthy people classified as PDs. This comparison was to confirm that symptoms experienced by back-healthy people classified as PDs were similar to those experienced by participants with LBP. We hypothesized that the quality and location of the symptoms experienced by people with LBP during standing would be similar to (1) their "typical" symptoms; and (2) symptoms induced in back-healthy people classified as PDs. If our hypotheses are supported, the data would provide support for the validity of the paradigm as a method for investigating risk factors for initial LBP development during prolonged standing.
MATERIALS AND METHODS

Participants
People with LBP and back-healthy people were recruited using flyers posted at local universities in the surrounding area and venues across the St. Louis metropolitan area. Participants also were recruited through 2 communitybased, university-operated, recruitment organizations. People interested called the laboratory and were screened. On the basis of the most recent studies using the standing paradigm, LBP was defined as any lifetime episode of LBP that resulted in Z3 consecutive days of missed work or school or seeking some type of health intervention (eg, physician, physical therapist, chiropractor). For the current study, we also required that a person could not have had Z3 consecutive days of altered activity due to LBP. People with LBP were excluded if they had a history of pain, numbness or tingling below the knee during a LBP episode, disk herniation, previous spinal surgery, or were diagnosed with a specific spinal condition that caused their LBP symptoms (eg, spinal stenosis). Back-healthy people were excluded if they (1) reported an episode of LBP as operationally defined; or (2) had been employed in a job that involved standing in 1 place for >1 hour/d during the last 12 months. Exclusion criteria for all people included being unable to stand for >4 hours or a body mass index (BMI) > 30. All participants read and signed an informed consent form that was approved by the Human Research Protection Office at Washington University School of Medicine.
All participants were recruited during the same time period. If a back-healthy participant was classified as a PD, a participant with LBP then was recruited that was matched for sex, age, height, weight, and BMI. If a participant with LBP was recruited, back-healthy participants were recruited that were matched for sex, age, height, weight, and BMI until one was classified as a PD.
Procedures
Upon arrival at the laboratory, all participants reported their current LBP symptom intensity level on a Visual Analog Scale (VAS) while seated. The VAS is a 100 mm horizontal line with the anchors of "no pain" and "worst pain imaginable." Participants placed an "X" through the line at the point that best represented their current perception of LBP symptom intensity. To quantify intensity, the distance between the left end of the scale and the "X" was measured with a ruler. Greater distances indicated higher symptom intensities. Participants with LBP also completed a LBP history questionnaire and the modified Oswestry LBP disability questionnaire. 13 Included in the LBP history questionnaire was a numeric rating scale (NRS) 14 in which the participants with LBP rated their average and worst symptoms over the 7 days before participation. The NRS is a scale ranging from 0 to 10 with the anchors of "no pain" to "worst pain imaginable." The number of acute flare-ups experienced over the 12 months before participation also was included in the LBP history questionnaire. Flare-ups were operationally defined as LBP symptoms that were "markedly more severe than usual and lasted at least 2 consecutive days." 15, 16 Participants with LBP then reported the quality and location of the LBP symptoms they typically experience on a body pain diagram (BPD, Fig. 1 ). Symptom quality was based on descriptors from a symptom key provided on the BPD. Symptom descriptors included aching, stiffening, tightness, cramping, burning, numbness, tingling, and sensitive. 17 There also was an "other" option participants used if they perceived their symptoms to be different from any of the descriptors provided. If the participant used the "other" response, he or she was given the option to provide a word that described the symptoms. Symptom location was based on the region of the BPD that the participant indicated he experienced symptoms. The regions of interest were the low back, gluteal, and thigh. The VAS and BPD have been shown to be reliable methods for describing symptoms of musculoskeletal pain, including LBP. 18 All participants then stood for 2 hours in a 2 0 Â4 0 confined workspace. A table where the simulated work tasks were performed was adjusted to 5 cm below the participant's wrist while their elbows were flexed to 90 degrees. 7 Participants were allowed to shift their weight as often as desired but were told to keep both feet on the ground the majority of the time, and were not allowed to rest their feet or arms on the table. While standing, the participant performed either a light simulated work task (shuffling cards, sorting poker chips, assembly task) or stood quietly. The work tasks and quiet standing were completed in 15-minute blocks of time with the order of tasks randomized. Randomization was performed using random.org/lists. Each task and quiet standing was completed twice throughout the 2 hours, with the added constraint that the same task could not be performed in consecutive sequence. Following randomization, if any of the 3 work tasks or quiet standing was to be performed in consecutive sequence, randomization was repeated. At baseline and every 15 minutes during the standing, participants reported the quality and location of their symptoms on the BPD and intensity of their symptoms on the VAS.
Symptom key
Statistical Analyses
Participants
Back-healthy participants were separated into PDs and NPDs based on the Z10 mm change in VAS score criterion. This criterion was chosen because 9 mm has been found to be the minimum clinically significant difference in VAS. 19 Initially, an independent t test was used to examine if there was a significant difference between the PDs and NPDs in change in VAS score (maximum VAS score during standing ÀVAS score at the beginning of standing). The analysis was performed to confirm that the PDs and NPDs were different with regard to VAS ratings. Subsequent analyses included only participants with LBP and PDs. A w 2 analysis was conducted to test for differences in the distribution of sex in participants with LBP and PDs. Independent groups t tests were conducted to test for differences in demographics and activity level (age, height, weight, BMI, Baecke Habitual Activity Questionnaire 20 ) between participants with LBP and PDs.
Participants With LBP: Typical Versus Standing Symptoms
Symptom quality: For each symptom descriptor, (1) frequency counts of yes and no responses were calculated for the 2 conditions; (2) an agreement (yes/yes and no/no responses) to disagreement (no/yes and yes no responses) ratio was calculated; and (3) a McNemar w 2 test was performed to test for differences in the proportions of participants with LBP who did and did not report each descriptor as "typical" and who did and did not report each descriptor during standing. For the symptom descriptors in which Z30% participants reported as typical an agreement to disagreement ratio was calculated (1) across all descriptors; and (2) for the participants that reported at least one of the descriptors as typical and during standing.
Symptom location: For each region of interest, (1) frequency counts of yes and no responses were calculated for the 2 conditions; (2) an agreement (yes/yes and no/no responses) to disagreement (no/yes and yes no responses) ratio was calculated; and (3) a McNemar w 2 test was used to test for differences in the proportions of participants with LBP who did and did not report symptoms in each region as "typical" and who did and did not report symptoms in each region during standing.
Participants With LBP and PDs: Symptoms in Standing
Symptom quality: For each symptom descriptor, a Fisher exact test was used to compare the proportions of participants with LBP and PDs who did and did not report each descriptor during standing. A w statistic was calculated to index effect size for each comparison. 21 Symptom location: For each region of interest, a Fisher exact test was used to compare the proportions of participants with LBP and PDs who did and did not report symptoms in the region during standing. A w statistic was calculated to index effect size for each comparison. 21 
RESULTS
Group Characteristics
Descriptive statistics for demographic, activity, and LBP-related variables (LBP only) are provided in Table 1 . Fifty-three back-healthy people participated. Of these, 15 people were classified as PDs (28%) and 38 (72%) were classified as NPDs. As expected, there was a significant difference between PDs and NPDs in change in VAS score (mean difference: 18.7 mm; 95% confidence interval, 13.6-23.9 mm, P < 0.01). PDs had a higher mean change in VAS score compared with NPDs. There were 15 people with LBP who participated. All reported having symptoms within the 7 days before participation. There were no Symptom quality: Three descriptors, aching, stiffening, and tightness, were reported as "typical" by 5 (33%) or more of the participants with LBP. Results for these descriptors are provided here and in Table 2 . Data for all 10 descriptors are provided in the Supplemental Digital Content 1, (http://links.lww.com/CJP/A126). There were no significant differences in the proportions of participants with LBP who did and did not report aching, stiffening, and tightness as "typical" and during standing (all P > 0.05, Table 2 ). In addition, the agreement to disagreement ratios for aching, stiffening, and tightness were 15:0, 8:7, and 10:5, respectively. For stiffening only 1 disagreement was due to a participant reporting stiffening as typical but not during standing. The remaining 6 disagreements were participants that reported stiffening only during standing. For tightness only 1 disagreement was due to a participant reporting tightness as typical but not during standing. The remaining 4 disagreements were participants that reported tightness only during standing. The overall agreement to disagreement ratio for the 3 symptom descriptors was 33:12. All 15 participants with LBP reported at least 1 of the 3 descriptors as typical and during standing.
Symptom location: There were no significant differences in the proportions of participants with LBP who did and did not report symptoms in any of the 3 regions as "typical" and during standing (P > 0.05, Table 3 ). The agreement to disagreement ratios for the low back, gluteal, and thigh regions were 15:0, 9:6, and 11:4, respectively. For the gluteal region 3 of the disagreements were due to participants reporting symptoms in the gluteal region as typical but not during standing. The remaining 3 disagreements were due to participants reporting symptoms in the gluteal region only during standing. For the thigh region 2 of the disagreements were due to participants reporting symptoms in the thigh region as typical but not during standing. The remaining 2 disagreements were participants that reported symptoms in the thigh region only during standing. The overall agreement to disagreement ratio for the 3 regions of interest was 35:10.
Participants With LBP and PDs: Symptoms in Standing
Symptom quality: Four descriptors, aching, stiffening, tightness, and cramping were reported by 5 (33%) or more of the participants with LBP. Results for these descriptors are provided here and in Table 4 . Data for all descriptors are provided in the Supplemental Digital Content 2, (http:// links.lww.com/CJP/A127). There were no significant differences in the proportions of participants with LBP and PDs who did and did not report aching, stiffening, tightness, and cramping during standing (P > 0.05, Table 4 ). Effect sizes for the comparisons ranged from 0 to.34. In addition, all 15 participants in the LBP group and in the PD group reported at least one of the 4 descriptors (aching, stiffening, tightness, cramping) during standing (Table 4) .
Symptom location: There were no significant differences in the proportions of participants with LBP and PDs who did and did not report symptoms in any of the 3 regions during standing (P > 0.05, Table 5 ). Effect sizes for the comparisons ranged from 0.0 to 0.27.
DISCUSSION
The purpose of this study was to examine the validity of the standing paradigm by comparing characteristics of symptoms experienced by people with LBP during the standing paradigm to (1) their "typical" symptoms; and (2) In participants with LBP, there was no difference in the quality and location of the symptoms they experienced during standing and their "typical" symptoms. In addition, for the most prevalent symptom descriptors and their locations the overall agreement to disagreement ratios indicated there were 3 times more agreements than disagreements (33:12 and 35:10, respectively). There also was no difference in the quality and location of symptoms reported during standing by participants with LBP and PDs. These data provide key evidence that symptoms induced during the standing paradigm are similar to symptoms typically experienced by people with LBP and, therefore, support the validity of the standing paradigm as a method to investigate risk factors for initial LBP development during prolonged standing. Participants with LBP did not have perfect agreement between reports of "typical" symptoms and symptoms (Table 2) . We consider, however, that our data support the initial hypothesis that the quality of "typical" symptoms would be similar to the quality of symptoms during standing. In only 2 (13%) instances did participants with LBP not report a symptom in standing that they had reported to be typical. The remaining disagreements were because participants only reported a symptom during standing, that is, the symptom was not reported as typical. As all participants had a long-standing LBP condition (Table 1) , a symptom not typically experienced may be produced in a circumstance that is less than typical for a participant, that is, loading the spine in standing for a prolonged period of time.
There were no significant differences between the quality and location of symptoms reported during the paradigm by people with LBP and PDs (Table 4 ). There also were no symptom descriptors or locations that were reported by PDs during standing that were not reported by participants with LBP. Therefore, we consider that our data support the initial hypothesis that symptoms developed and locations reported during the standing by PDs are not different from those developed by people with LBP. The standing paradigm is appealing from an experimental perspective because prior studies have documented that acute, transient LBP symptoms can be induced in back-healthy people during an occupational activity associated with increased reports of LBP. 1, 2 Prior studies using the standing paradigm have resulted in reports of symptoms in 40% to 71% of back-healthy people [3] [4] [5] [6] [7] [8] [9] [10] [11] which has allowed identification of baseline differences between PDs and NPDs. However, none of the prior studies have considered whether the symptoms induced during the standing paradigm are similar to symptoms experienced by people with LBP. In order for the standing paradigm to be considered a valid method for investigating risk factors for initial LBP development during prolonged standing, it is necessary to know that the symptoms typically experienced by people with LBP are (1) similar to their symptoms in standing; and (2) symptoms experienced during the standing paradigm by back-healthy people who are considered PDs. The current study provides evidence that the acute, transient symptoms induced during the standing paradigm in PDs are the not different from symptoms experienced by people with LBP.
To our knowledge, only 1 previous study has attempted to compare characteristics of symptoms experienced by people with musculoskeletal pain to those of back-healthy controls during an induced pain paradigm. 22 Madeleine and colleagues compared symptoms experienced in butchers with and without chronic neck and shoulder pain during a standardized repetitive work task. Before performing the task, butchers without chronic neck and shoulder pain were given an injection of hypertonic saline in the trapezius and infraspinatus muscles. Injection of hypertonic saline to muscles has been shown to induce pain in asymptomatic people. 23 After participation, both groups reported similar quality and intensity of symptoms. The authors concluded that the induced pain mimicked symptoms experienced by people with chronic neck and shoulder pain and, thus, supported the use of the paradigm to investigate aspects of work-related pain. However, injection of hypertonic saline to muscles has been shown to induce pain in the absence of activity. 23 Therefore, it is not known if the butchers without chronic neck and shoulder pain experienced pain because of the injection, the work task, or a combination of the injection and work task. A strength of the paradigm examined in the current study is that the symptoms are induced in backhealthy people during the standing task without the confound of an agent (hypertonic saline) known to induce pain. Therefore, symptoms developed by back-healthy people during the standing paradigm can better be attributed directly to conditions associated with the standing task.
We chose to recruit people with LBP who were not in an acute flare-up of their symptoms. As a result the participants with LBP had relatively low levels of symptom intensity and disability at the beginning of the study (Table 1) . We chose to recruit people who were not acutely involved so that the quality and location of the LBP symptoms they would be experiencing would be more similar to the symptoms they typically experienced. Including participants who were not acutely involved also increased the likelihood that the participants with LBP could complete the standing task. In addition, any increase in LBP symptoms during the paradigm more likely could be attributed to the standing task.
One limitation of the study is the small sample size. We were unable to make an a priori estimate of sample size because this was the first study to compare symptom descriptors and locations in people with LBP and PDs. Post hoc analyses revealed that the effect sizes were small (range, 0 to 0.39) suggesting that the sample size to detect significant differences would need to be larger than what was recruited. The primary goal of the study, however, was to determine whether the quality and location of symptoms developed by PDs was similar to that reported by people with LBP. Inspection of the data (Tables 2-5) support that the PDs did not report symptoms that were different in quality or location than symptoms reported by participants with LBP. A second limitation is that our sample consisted of people between the ages of 18 to 30 years (Table 1 ) so our results may not be generalizable to people older than our sample. Similar to many people with LBP, however, the participants with LBP in our sample had long-standing symptoms, experienced moderate levels of symptom intensity, and had frequent LBP flare-ups (Table 1) . 15, 16 Given the similarity in LBP behavior, we consider that it is likely the symptom characteristics of our participants with LBP are similar to those of people with LBP across a range of ages. A final limitation is that the symptoms PDs experienced were acute and transient. Therefore, findings regarding LBP symptoms developed during the standing paradigm in subsequent studies may not be generalizable to all types of LBP. However, it is important to understand factors that contribute to the initial development of acute, transient symptoms as most people who experience an acute episode of LBP will go on to have recurrences of LBP in the future. 16 During the standing paradigm, people with LBP reported symptoms similar to (1) their "typical" symptoms; and (2) symptoms reported by back-healthy people who were classified as PDs. The current study provides essential evidence that symptoms experienced during the standing paradigm are similar to symptoms experienced by people with LBP and, thus, provides partial support for the validity of the paradigm. Therefore, one can be confident in using the paradigm to identify characteristics of people susceptible to initial LBP symptom during prolonged standing. Understanding of characteristics related to initial LBP symptom development can inform strategies for early detection to prevent chronic and recurrent LBP conditions.
